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ABSTRACT

. The CODER (COmposite Document Expert/extended/effective Retrieval) project is an
investigation of the applicability of artificial intelligence techniques to the information remrieval task
of analyzing, storing, and retrieving heterogeneous collections of “composite documents.” In order
to support some of the processing desired, and to allow experimentation in information retrieval
and natural language processing, a lexicon was constructed from the machine readable Collins
Dictionary of the English Language. After giving background, motivation, and a survey of related
work, the Collins lexicon is discussed. Following is a description of the conversion process, the
format of the resulting Prolog database, and characteristics of the dictionary and relations. To
illustrate what is present and to explain how it relates to the files produced from Webster's Seventh
New Collegiate Dictionary, a number of comparative charts are given. Finally, a grammar for
adverb definitions is presented, together with a description of defining formula that usually indicate
the type of the adverb. Ultimately it is hoped that definitions for adverbs and other words will be
parsed so that the relational lexicon being constructed will include many additional relationships and
other knowledge about words and their usage. :

CR Categories and Subject Descriptors: E.2 [Data Structures]: Tables; H.3.1
[Information Storage and Retrieval]: Content Analysis and Indexing - dictionaries, linguistic
processing, thesauruses; 1.2.1 [Artificial Intelligence]: Applications and Expert Systems -
natural language inrerfaces; 1.2.4 [Artificial Intelligence]l: Knowledge Representation
Formalisms and Methods - relation systems; 1.2.7 [Artificial Intelligence]: Natural Language
Processing - language parsing and understanding, text analysis

General Terms: Algorithms, Design

Additional Keywords and Phrases: CODER project, defining formula, dictionary
parsing, machine readable dictionary, relatdonal lexicon
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1. INTRODUCTION

1.1 The CODER Project

The CODER (COmposite Document Expert/extended/effective Retrieval) project is an
investigation of the applicability of artificial intelligence (AI) techniques to the information retrieval
(IR) task of analyzing, storing, and retrieving heterogeneous collections of “composite
documents.” CODER has been designed [FOXE 86c, FRAN 862a] in a flexible fashion so it can be
adapted to a wide variety of types of documents and users (see Figure 1). Several styles of human-
computer interfaces are supported, and there are plans for extending those schemes. As can be
seen in Figure 2, an individual with an information need, while searching through the text of
possibly relevant documents or document passages [OCON 80}, will often directly examine term
relationships stored in the lexicon. Indeed, the lexicon plays a central role in the entire system's
operations, since it must be accessed by both the analysis and the retrieval subsystems (see Figure
3). '

To effectively use a comprehensive lexicon in an information retrieval system requires a
number of techniques recently developed by the AI community. As was demonstrated through
simulation [BELK 841, a blackboard (see [ERMA 801, [HAYEB 84], [ENSO 85]) is of great value
to allow communication among a variety of expert system modules (see, for example [HAYE 831).
I’R, an information retrieval system with a blackboard and a number of experts coded in LISP
[THOM 85], following many of the suggestions of [BELK 84], has been under development, but
has not involved lexicon construction or natural language processing. In the CODER project, it is
hoped that the lexicon will assist with problems that have plagued others, such as disambiguation
[EARL 73] and context recognition [CHAR 82]. The aim is for lexical-semantic relations to be
derived from machine readable books with sufficient care and planning that the end result will be
readily usable [MILL 85a,b].

CODER is implemented primarily in MU-Prolog [NAIS 85], and while the overall
architecture is based upon message passing [FOXE 86b, 871, each of the many specialized experts
will typically have its own set of rules [HAYE 85]. Prolog seems especially appropriate for this
type of system development [HELM 85]. Logic programming can help not only in general problem
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solving [KOWA 79],' but also with the natural language component [PERE 83]. In similar fashion
to the well-behaved ARGON system [PATE 84], frames (proposed in [MINS 75] and surveyed in
[FIKE 85]) have been incorporated to represent various objects and object classes.

Based on previous experience in implementing a modern version of the SMART retrieval
system [FOXE 83b], CODER is being developed as an even more versatile test bed [FOXE 85a]
for handling composite documents [FOXE 85b]. Knowledge representation schemes are
particularly important to investigate [FRAN 86b]. It will incorporate the most common and the
most promising retrieval methods [FOXE &3al. Ultimately, it should combine some of the best
features of systems such as TOPIC [HAHN 84], I°R, SMART, and RUBRIC [TONG 83], and
allow careful experimentation to determine which methods do indeed lead to the greatest
improvements in performance.

The CODER lexicon has two parts: one with general linguistic knowledge, and one with
specialized knowledge about the area(s) covered by the document collection. Since for our initial
experimentation a collection of over four years of the ARPANET ATList Digest has been gathered,
we have been fortunate to obtain the machine readable text of the Handbook of Artificial
Intelligence from the SUMEX Computer Project at Stanford University with the permission of
William Kaufman. That work has already been analyzed to obtain some of the easily identifiable
domain knowiedge (e.g., phrases, names, and a taxonomy of topics). Because special knowledge
is so important in developing sublanguage grammars [SAGE 751, further work with the Handbook
may also be needed, especially to aid with document analysis.

General linguistic knowledge makes up the kernel of the lexicon, and can be used with any
collection of documents. Indeed, the CODER lexicon may be of value outside CODER, to aid
other types of natural language processing research.

1.2 Timeliness of Lexicon Construction Research

New high-capacity storage devices [FUJI 84], especially optical disks like CD-ROMs, can
now be integrated with powerful microcomputers and advanced retrieval techniques [FOXE 86a].
Electronic books have been studied [WEYE 82], electronic encyclopedias (see [COOK 84],
[WEYE 841) are now available, and electronic dictionaries [FOXM 807 will soon proliferate. Yet,
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while numerous data structures and related algorithms have been thoroughly studied by computer
scientists [GONN 84], little attention has been given to access methods for text [FALO 85]. In
certain cases, partial matching can be easily handled [PFAL 807; superimposed coding [RAMA 85]
is built-in to the Prolog interpreter being employed in the CODER development effort [NAIS 85]
and performs well with large fact bases [SACK 85].

“Machine readable dictionaries have been under investigation for a number of years [AMSL
84] and it is hoped that they will become more casily accessible [KAYM 84]. It should soon cost
less than $20 each to produce a CD-ROM with the text of a large dictionary accessible by
inexpensive personal computers. Even the vast Oxford English Dictionary (OED) will be available
this decade in a compact machine-readable form for research and ordinary use [LESK 85].

Work in computational linguistics and other areas has brou ght us to the point of being able to
manipulate not only the text but also some of the knowledge in dictionaries. This has long been a
goal: Quillian's seminal work on semantic networks [QUIL 68} described a semantic memory
including definitions of word senses and a taxonomic hierarchy of word concepts. In recent years,
interest in the task has increased rapidly. Ahlswede [AHLS 85] describes a tool kit being
developed to build lexicons from machine readable dictionaries. At IBM, semantic hierarchies have
been automatically extracted from dictionaries [CHOD 85] and powerful parsers with syntactic and
semantic components [MCCO 84] can be used to analyze a large subset of the English language.
The newly-emerged discipline of logic programming [GENE 85] provides aid in a variety of
problem solving tasks [ROWA 79}, especially where (certain limited forms of) inferencing is
required. Simmons [SIMM 83] encoded the key information in the first fifty pages of the
Handbook of Artificial Intelligence (HAI) for subsequent use, and one ambitious project is
underway to build an enormous, detailed knowledge base by encoding a large encyclopedia [LENA
86]. Various knowledge representation schemes are becoming widely used, and researchers are
identifying what types of reasoning with that knowledge is computationally tractable [LEVE 84].

1.3 Need for Improved Information Retrieval
In spite of the advances just mentioned and others even more directly related, there has been

little improvement during the last several decades in the effectiveness of commercially available
information retrieval systems. According to one recent study involvin £ a popular retrieval system,
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after what lawyers and paralegals thought was thorough searching only about 20% of the relevant
cases were identified [BLAI 85]. Yet new storage, processing, communication, and display
methods have been applied to make almost 3000 databases [WILL 85b] accessible for a variety of
purposes [WILL 85a]. With the advent of frbnt~ends, gateways, and intelligent intermediary
systemns, there is a new potential to make these databases more convenient and effective [WILL
86]. Itis hoped that automatic text retrieval methods will play a role in realizing this potential
[SALT 86]. As the number of full-text databases grows [TENO 84], however, automatic methods
heretofore tested with bibliographic databases will have to be adapted to allow selection of passages
rather than documents [OCON 80]. Especially in that environment, lexical and other natural
language processing (NLP) aids will be essential for improving retrieval effectiveness [DOSZ 86].

For information retrieval purposes, it is important to match relevant documents to users'
queries even when there are mismatches in language usage. It has become clear in recent years that
controlled and uncontrolled vocabularies have different properties in the retrieval process, and that
effective use of both yields better results than if only one is allowed [SVEN 86]. A clearer
understanding of words, word senses, and their interrelationships is essential™o the creation and
use of general and specialized thesauri that can lead to improvements in precision as well as recall.

The applicability of linguistics to information science has been studied for a number of years
[SPAR73]. While linguistically-motivated processing such as stemming [LOVI 68] leads to clear
gains and can free users from the burden of decision-making about truncation, little benefit resulted
from early attempts to apply syntactic analysis [SALT 80]. A recent survey [SALT 83 Chapter 7]
indicates that new developments in computational linguistics and knowledge representation may be
more promising. Semantic as well as syntactic analysis is being studied in an Intcl]igent.RetrievaI
Expert System now under development [DEFU 85].

In addition to using linguistic information to improve query formulation, now that natural
language front-ends to database management systems are becoming more common and better
understood it seems appropriate to provide similar tools for information retrieval systems. Such an
interface can not only facilitate a more natural dialog but also build the static and dynamic user
models that are necessary for an adaptive mixed-initiative search session [DANI 86b]. For such a
system to individualize its behavior [BORG 85), it must understand the user's vocabulary and
- relate that to the vocabulary of relevant documents [WILLP 85]. While vocabularies in a limited
domain can be hand-crafted [NIEH 76], the broader domain of large scale information retrieval
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systems requires automatic methods to construct more comprehensive lexicons. Lexical and
semantic information is needed if the system is to help searchers map interest statements to
documents in one or several collections by more than trivial transiations (allowed for example, by
Dialindex [DIAL 86]). |

1.4 Needs in NLP

Computational linguists have realized the need for procedures to analyze and generate text.
Augmented transition networks (ATNs, which .are surveyed in [BATE 78]) have been widely used-
for syntactic and semantic analysis, and Prolog definite clause grammars (DCGs) have popularized
language processing as well as enabled construction of powerful syntactic analyzers [PERE 83].
While syntax alone can be effective for sublanguage processing [SAGE 75], and semantic or
memory-based parsei's work for limited domains or for high level paraphrasing [LEBO 83a, 83b,
84], general applications require morphology, syntax, and semantics [MARC 84]. Integrated
processing is needed for robust natural language understanding [SELF 86], so that computers can
ultimately be applied to realistic comprehension tasks {RIES 82]. Yet computationalily efficient
techniques (see [GAZD 85], [POLL 85]) are needed to realize such a system.

Text comprehension requires knowledge as well as processing. Analysis by word experts
can be extremely powerful [RIEG 81], and representations of phrasal patterns are also valuable
[WILE 84]. Context provides additional clues when it can be recognized [CHAR 82], and methods
for basing language processing on situation semantics are evolving [LESP 86). For greatest
flexibility, a declarative knowledge base containing all the objects and procedures involved in all
these aspects of language processing must be developed. Simmons has highlighted the power of
such an approach for analysis or generation of text and for machine translation [SIMM 84]. Kucera
points out the many values of an on-line lexicon [KUCE 85]. Yet most language processing
systems know about less than 3000 words, and the few which contain more than 1G;000 words
(e.g. [WHIT 83]) usually have little semantic information for most entries. Clearly a
comprehensive lexicon with declarative representations of morphological, syntactic, phrasal, and
semantic information would be a great boon for NLP.
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1.5 Available Lexical Resources

Lexical resources of interest presently available fall into the following classes: tagged
corpuses of text, machine-readable dictionaries, word lists, small lexicons in specially devised
forms, and a few moderately large lexicons containing primarily morphological and syntactic
information, supplemented with semantic field and restriction data.

The Brown Corpus [KUCE 67] has been analyzed extensively to determine frequency and
grammatical tagging of words in a million-word sample of 1961 American English [FRANC 82]. '
The LOB Corpus.is a similar British English collection, where probabilities have been applied to
aid in tagging [BEAL 85]. Such gatherings of text are the raw material for lexicographers and for
construction of dictionaries, and can be used to check and tune results of other processing.

Webster's Seventh New Collegiate Dictionary (W7) and Pocket Dictionary (WPD) are
probably the most studied machine-readable dictionaries. Conversion from the typesetter form into
a suitable computer format has been a difficult and time-consuming task— see [MCIL 84] and
[MITT 85] regarding the Oxford Advanced Dictionary of Current English, and see [WOHL 86]
about the Collins Dictionary of the English Language (CDEL). There has been a gradual shift
from concern with storage efficiency and related matters [SHER 74] to providing a logical and
convenient form to work with {[PETE 82]. While various forms of W7 and WPD exist, the
publisher has been reluctant to permit further release of tape copies. Longman's dictionary has also
become a popular resource for linguistic studies, but several years ago the publisher began limiting
distribution to the research community.

These dictionaries and other information resources have been collected by researchers such
as Amsler and Walker at Bell Communications Resources [WALK 85]. Amsler in particular has
worked with nouns and verbs, which make up by far the bulk of the language [AMSL 81]. Amsler
and Walker have collected running text from the New York Times and noted that more than half of
the words in that collection do not appear in W7, and vice versa. As a result, they have launched
an ambitious campaign to gather almanacs and other knowledge resources that will supplement the
dictionaries and help provide better coverage of the set of words now in active use.

The Waterloo Centre for the New OED has become a focal point for research in
dictionary-related processing, owing to its committment to support production of a
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machine-readable form of the Oxford English Dictionary. That effort is well underway, and should
result in creation of the New OED within a few years since the keying of both the OED and the
Supplement is complete. But copies of the dictionary sections already produced can only be
worked with at the Centre, and emphasis to-date has been on practical problems of production and
access, as well as on linguistic issues of what should be included, and in what form.

- Oxford has supported develoment of another resource of linguistic information in the form of
its Text Archive. Dictionaries, books, and a variety of other resources can be purchased for a
nominal fee by researchers; many items are in the unrestricted class, which means that any
researcher can have access — quite a different situation than is developing with many dictionary
producers.

The above list is just a sampling of what is available; each author, editor, or publisher has
different policies. Special arrangements can be made with originators of various resources, but for
the sake of research in information retrieval or natural language processing it is especially important
to obtain assurances from the start that such valuable assets as lexicons will be available to other
researchers after completing a long project.

1.6 Lexical Knowledge for IR — Theories

Some type of indexing vocabulary is needed for any retrieval system. Svenomius surveys
the evolution of presently used schemes [SVEN 86], and highlights a number of unresolved
research questions, including:

« What is the effect of different kinds or degrees of vocabulary control on retrieval
effectiveness?

+ What is the effect on retrieval performance of automating different forms and kinds of
vocabulary control?

Svenomius suggests that it will take more broad-minded research than has previously been carried
out to resolve the many issues and interactions among such variables as subject matter of the
collection, mix of free text vs. controlled search terms, user need for a few good vs. all relevant
items, precision level desired, forms of control of the vocabulary (e.g., orthographic, synonym,
hierarchical, related-term), automatic vs. intellectual control, and user need or desire for special
control.
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While the science of vocabulary control clearly stands in need of an underlying theory, there
are useful theories that deal with automatic indexing and retrieval [SALT 83]. Suppose that the
words in the text are to be used to produce a set of weighted index terms. Weights then can be
based on two statistics: the number of documents in which a term appears, and the number of times
a term appears in a document. Unfortunately, while a (medium or low frequency) word that
appears frequently in a document is likely to be more important than one that occurs rarely, stylistic
conventions confound this effect. In technical articles the general subject matter is often introduced
in the title and first few sentences to set a context, and not repeated. Also, it is considered bad style
to repeat a word many times, so authors tend to vary the terminology and means of expression to
make reading more pleasant. Clearly, control of synonyms is important; in some fashion it is
necessary to identify “conceptual clusters” of terms so that frequency values are not too low. On
the other hand, frequency values can be artificially high because of homonymy and because on
average every dictionary headword has two definitions [PETE 82]. While stemming is generally
useful, it can further aggravate the homonym problem if searching on precise word senses is
desired.

The number of documents in which a term occurs is another problematic statistic. Many
studies have assumed that terms co-occurring in more documents than expected bear some
relationship, but this is especially difficult to ascertain for low frequency terms, where automatic
thesaurus construction is of most use. High frequency t€rms, according to the theory, should not
be very valuable, but they make up the bulk of most queries, and sgucannot be ignored, and
building phrases from them is expensive.

These indexing theories can be integrated with the vector spaée'retrieval model [SALT 83],
where a different dimension is associated with each index term. However, there is a conceptual
problem in that dimensions should be independent whereas terms certainly do not occur
independently. External knowledge based on pseudoclassification or on a priori relationships
among terms can be of pérticular value in a generalized vector space model where dependencies are
accounted for [RAGH 86]. Thus, use of linguistic rather than co-occurrence based term
association data may be both practically and theoretically beneficial.

Some recent retrieval systems have espoused theories less dependent on frequency
information. Tong er al. [TONG 83] hold that (fuzzy) membership of documents relating to the
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query rule-set can be determined from a knowledge base that represents a query. Croft and
Thompson [THOM 85] suggest that document relevance can be inferred by logic from the query
supplied. In both cases it is presumed that having more information than just a word list and using
knowledge-oriented processing should provide a sound basis for retrieval.

1.7 Lexical Knowledge for IR — Studies

Lexical information can be used in retrieval in 2 number of ways. The classic approach has
been to-take some (i.e. the low frequency) terms in a query and “expand” them by replacing them
with a class representative or by adding (possibly down-weighted or OR'ed) terms. Typically this
involves using an intellectually or automatically produced thesaurus; the former may be useful for a
general subject area while the latter must be created anew for each collection.

In comparing performance of automatic and manual retrieval approaches, Salton observed
that a significant benefit resuited from having a good thesaurus [SALT 72]. Sparck Jones [SPAR
71] and others used co-occurrence frequencies and term clustering to automatically develop word
classes particularized to a given collection, and found that a number of similar approaches all
yiclded a small improvement. Rather than develop a global collection thesaurus, Attar and Fraenkel
[ATTA 77] produced a set of “searchonyms” from the relevant retrieved documents arising out of a
feedback experiment. More widely applicable aids are desired, and linguistic solutions seem a
likely source. An early investigation demonstrated that expanding queries by adding in terms that
are lexically or semantically related does improve retrieval performance [FOXE 80]. This work
was corroborated [EVEN 821, and later extended [FOXE 84]. Further studies by Evens et al.
showed that finding related terms worked best with queries that initially led to few relevant
documents [WANG 85]. However, online dictionaries with lexical and semantic relations are
needed if such an approach is to be incorporated in a practical system.

Early proposals on the structure of these relational lexicons were made in [APRE 691,
[MELC 73], and later refined in [EVEN 79,85]. Semi-automatic tools to aid in the construction
process have been developed [AHLS 85]. Several large scale lexicons are already under
development (e.g., [WHIT 83]), in part to help with parsing [SAGE 81]. Eventually, analysis of
documents to idendfy key topics [HAHN 84] and structure [BABA 85] will become feasible with
the aid of such lexicons.
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An alternative to thesaurus use is improving the representation of documents and queries. If
relationships among words can be determined without reference to the collection, improvements to
standard vector processing are possible [RAGH 86]. Many studies have considered identifying
and using noun phrases, which often improves precision over using single terms alone (ex. [DEFU
85]). Linguistic analysis of queries can help in this regard [SPAR 84]. A more direct approach is
to disambiguate word senses in documents and queries, so that matches are at the sense rather than
lexeme or stem level. If the many difficult problems involved could be solved it might then be
possible to represent relationéhips among word senses, thereby combining recall-improving and
precision-improving devices. A limited success in both these directions has been achieved by
attaching semantic field tags to words to help disambiguate senses and to identify related fields
[WALK 85].

Katzer et al. [ KATZ 86] studied the effects of resolving anaphora in one experimental test.
They replaced anaphoric references with the proper word or phrase and compared retrieval results
against those obtained from the original texts. No clear findings were obtained from this trial; it
seems that more sophisticated methods are needéd to obtain a consistent improvement.

Several studies have suggested providing a natural language dialog interface for users of
retrieval systems. [DANI 86b] surveys the early work (in the cognitive science and retrieval areas)
and discusses the issues involved. Applying these ideas to the matter of vocabulary suggests the

“following.
* A user's statements and responses may reflect knowledge and size of active

vocabulary in the area of interest, which could be used to predict the degree of
expansion that should be applied to a query.

* As a dialog develops, the system should obtain context and background to aid in
“understanding” the query.

* During the course of several searches, the system can infer both dynamic (i.e. related
to the state of a particular strategy) and static (longer-term) models of the user to aid
in selecting search strategies [DANI 86al.

+ The system can “explain” {(and when appropriate, ask for approval of) its actions.

1.8 Lexical Knowiedge for NLP
Since lexical knowledge is so central to NLP, it should be adequate to simply list some of the
important applications.
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* A complete lexical entry provides information at all linguistic levels regarding a
lexeme, so a parser need only possess procedural knowledge, and yet can prepare the
fewest number of unambiguous parses.

+ Lexical and semantic information can aid in creating knowledge representations.
* Combining a knowledge base and a lexicon should aid in all types of inferencing.

+ For generation, having a large lexicon accessible from the semantic representation
component should allow a system to vary its presentation content and style, tailor its
responses to a user's vocabulary, and prepare text that is both salient and complete.

2. CODER Lexicon

2.1 Long Range Plan

Initiaily, the CODER lexicon will be made up of information in the Collins Dictionary of the
English Language (CDEL), and that should be adequate for testing of the prototype system. Later,
it is hoped that a more comprehensive lexicon will be developed, including the Oxford Advanced
Learners Dictionary of Current English (OALDCE), and the Oxford Dictionary of Contemporary
Idiomaric English (ODCIE, Volumes 1 and 2). Whereas CDEL is a large dictionary with current
terms included about scientific and technical areas, OALDCE is designed to help learners; while
smaller it has more detail, especially about verbs. ODCIE will help with idioms/phrases and with
verb-particle combinations. All in all, this collection of dictionaries should be of enormous aid in
building a comprehensive lexicon (of British and U.S. English)!

Long term goals in connection with building a comprehensive lexicon are:

1) to transform the (freely available for research use) machine readable dictionz_zries of the
Oxford Text Archive ((HANK 79], [HORN 74], [COWI 75,83]) from their original typeset
form to a Prolog fact base, which can then be requested from that same Archive,

2) to analyze the structure of definitions so they can be automatically parsed,

3) to combine the results of processing several dictionaries to obtain as many lexical and
semantic relations as possible, and

4) to apply this lexicon to the processing of documents and queries, by incorporating it in
CODER's natural language analysis components.
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2.2 Description of the Collins Dictionary

There is a separate entry for each headword in the dictionary. Headwords are words or
phrases, usually in lower-case, but they can also be proper names, mixed alphanumerics or
numerics. (e.g. “Al1™), words with embedded/leading/trailing apostrophes, prefixes/suffixes,
compound words, foreign terms, or abbreviations/symbols/acronyms. When headwords have the
same spelling but have different origins they are assigned homograph numbers. For some
headwords there are allowable variant spellings which are given in the eniry, sometimes with a
country indicator (e.g. “centre or U.S. center”). Headwords and variant spellings both have an
associated syllabification. Regular inflections (as defined in the front materials) are not given, but -
exceptions are shown (e.g. “goose pl. geese™). Morphological variants (different forms of the
headword that are not headwords individually) appear at the end of an entry without any definition,
but with a part of speech indicatign.

There are eight standard parts of speech: adjective, adverb, conjunction, interjection, noun,
preposition, pronoun, and verb., Verb may be transitive or mtransitive. Some other less traditional
parts of speech include: determiner, sentence connector (ex. “therefore”), sentence substitute (ex.
“aye”), adjective postpositive (i.e. words like “ablaze” that are used predicatively or after the noun),
adjective postnominal (i.e. words like “acting” used before the noun), plural nouns (ex.
“trousers”), and modifier (ex. “absentee”). Abbreviations and symbols are also indicated in the
part of speech location. Approximately 2500 fasmous people's names appear as headword entries,
possibly with first names, pseudonyms, nicknames, titles, and original names,

Associated with word senses are sometimes a label or “category” that restricts the word to
subject field, appropriateness, connotation, nationality, etc. The major classes of categories are:
temporal, usage, connotative, subject-field, national/regional, or trademarks. Senses appear in
rank order, so that the first is most commonly used and the last is least commonly used.
Subdefinitions appear when there is a slight variation in sense of a word, or when the meaning is
constant while the part of speech varies (ex. “beige” is a noun indicating a color but can also be an
adjective when describing items of that color). Categories pertain to a given sense and so apply to
all subsenses.

Example sentences and phrases illustrate the use of word senses. Usage notes supplement
this information with remarks on how to use a particular word or word sense. Further guidance is
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shown through one of several types of cross reference: related adjectives (ex. noun “wall” has
related adjective “mural” which is of French origin), comparisons (indicated by “see” or “see also”
or “compare”), and alternative names (indicated by “also” or “also called” or “Official name:”).

Etymologies and pronunciation appear in entries; occurrences of the latter are scattered
throughout entries. Often pronunciation ‘is shown in parenthesis.

2.3 Conversion from Typeset Form

A SUN Microcomputer Inc. workstation with a large disk store was used to process the
CDEL tape provided by the Oxford Text Archive. UNIX routines such as lex, yacc, awk, as well
as special C programs were developed to convert the typeset form of CDEL into a form that could
be loaded into a Prolog fact base. Nine passes were required so that the font éhanges and special
characters present could be analyzed sufficiently to decode the structure of definitions. 95% of the
roughly 80,000 headwords were successfully processed in this fashion [WOHL 86].

The remaining 3000 headwords could not be handled by the conversion program and so
were manually edited until they could be processed. Included in this set were entries like “take”
which had a very large number of senses.

2.4 Characteristics of Constructed Relations

A conceptual structure was imposed upon the dictionary in order to extract useful
information. Figure 4 shows the hierarchical structure of the CDEL. For each lexeme there may be
several homographs which are each assigned a headword. Below the headword is the syntax level
where part of speech is indicated. Next is the sense level, and at the bottom is the sub-sense level.
While a lexeme itself determines the first level, a list of numbers indicates a given instance of a
sense or sub-sense according to these distinctions.

Table 1 shows the list of relations, along with some description, that have been produced as
a result of processing CDEL. Since Prolog can serve as a database query language, use of such
normalized relations is especially convenient. Later, organizations that are more space and time
efficient may be added or may replace the current collection.
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The syntax of the relations is given in Table 2, where “word” and “homnum” and sometimes
the “defnum” and “subnum” specify varying levels of specificity as discussed above and shown in
Figure 4. As can be seen from the format, c. ABBREV and ¢_ALSO_CALLED both allow
reference to a separate headword. The c_COMPARE relation can associate with a particular word
sense where a comparision is illustrative, and the c_RELADIJ also relates to another word sense.
When a headword has two-or more morphological variants (see ¢_MORPH), the preferred is first
and others follow in order. When a person's name appears, all parts that are not the last name are
shown in the ¢_NLAST relation; it is often difficult to separate the parts of a name more
thoroughly. The c_PLURAL relation often shows irregular plural forms but may show other
irregular inflections or forms, which can be distinguished by knowing the part of speech. The
singular form or ending may appear, as is the case for c_SINGULAR. Sometimes semicolons
appear in the string of a c_SAMP usage example, to separate compatible definitions at the sense
level. Underscores appear in the ¢_SYLL and ¢_VAR_SYLL strings to separate syllables. It
should be noted that since CDEL is a British dictionary, in most cases the headword in the
c_VAR_SPELL relation is the British form and the variant is the U.S. form.

Because there is a length limit on tuples that will be stored in the MU-Prolog external
database, long strings appearing in definitions (c_DEF) and usage examples (c_USAGE) were split
into multiple numbered tuples. The number of such tuples is given for each entry in the
c_DEF_NUM or c_USAGE_NUM relation.

2.5 Comparison with Other Dictionaries

Tables below give frequency information about the CDEL (also referred to as CED) fact
database according to the initial processing of almost 80,000 headwords. From Table 3 it can be
seen that CDEL is actually larger than Webster's Seventh New Collegiate Dictionary (see
discussion in [PETE 82]) and, in many cases, has more types of information (i.e. an average of
about 5.5 as opposed to 4.5 tuples per headword). This can be of particular value. Indeed, there
are more than twice as many morphological variants and categories. W7 has no usage samples
while CDEL has a large.number. Note that “CED freq” refers to the number of tuples in a given
relation, “CED freq/hd” is the average number of times a relation appears for a headword, and
“CED % usagc” is the relative frequency of a relation compared with all other relations.
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The category entries, the most common of which are shown in Table 4, give clues as to
semantic field. As is usual with most systems of manually assigned categories, however, a fair
amount of cleanup is needed to make the category scheme more systematic and less redundant.
Thus, there are a number of broad terms (e.g. “sport”) and many more specific terms which could
be related to parent broader terms.

Table 5 shows how different dictionary editors approach the use of homograph numbers. In
W7 there is 2 new entry just about every time a part of speech changes. This can be seen since W7
has more frequent use of larger homograph numbers. In' CDEL, on the other hand, multiple parts
of speech often appear for a given headword rather than appearing as a separate headword.

Table 6 is the Part of Speech list; here again it is seen how CDEL compares with Webster's
Seventh New Collegiate Dictionary and Pocket Dicrionary (studied by Amsler). It should be
noted that since in [PETE 82] there is a distinction between the primary and secondary parts of
speech, it was necessary to combine those results to aid in comparison. Almost two thirds of the
entries are nouns. While CDEL is larger than W7, it has (in absolute terms) slightly fewer adjective
and adverbs, but this may be influenced by the fact that there are more parts of speech used to
classify entries.

W7 and CDEL have very similar distributions of the number of word senses per headword,
as can be seen in Table 7. Unhappily, the tail of the distribution is much longer for CDEL, which
forced the processing programs to have to deal with very long entries (up to 50 senses')

'On the other hand, the tail of the distribution on number of sub-senses is much longer for
W7 than for CDEL, as can be seen in Table 8. ‘Apparently, there are fewer word senses, but more
sub-senses per sense (up to 14!), in W7.

2.4 Revisions Needed to Load into MU-Prolog Fact Base

To load the relations into Prolog, it was necessary to make some character substitutions so
that the normal read-in processing could be used. Since the single quote delimits atoms,
apostrophes were converted to the caret (“A””). Periods are used to end Prolog facts and rules, so
all periods were changed to a vertical bar (“I").
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In some cases, during the nine i)asses of processing the routines did not recognize
beginnings of certain relations appearing in the midst of definitions. In particular, “compare” and
“see also” entries had to be removed from definitions (i.e. the ¢ DEF relation) and manually
entered as new relations (e.g. ¢ COMPARE).

It was noted that pronunciation information appears in many different places in several of the
relations. Usually, pronunciations are found in parentheses immediately following some words in
the text field of the ¢_DEF file. To allow decoding of these appearances, the mapping of character
sequences in the Prolog fact base to IPA codes is shown in Table 9.

2.5 Status

All entries in the dictionary are now in a form that can be consulted by the MU-Prolog
interpreter. Spot checking has shown that there are still a small number of *compare” and “see
also” phrases appearing in the text field of other relations, so a bit more cleanup is needed. After
that, specifications must be prepared so thar the many relations can be loaded into an external
MU-Prolog fact base, to be accessed using the two-level superimposed coding scheme [SACK 83].
A certain amount of tuning of the parameters is expected so that access to the CDEL facts will be
rapid for the most common types of processing.

With the CDEL relations available, a pilot study has been undertaken to delve further into
construction of lexical and semantic relations. While others have studied nouns and verbs [AMSL
81] and adjectives [AHLS 83], there is little information available on adverb definitions (except the
work by Klick discussed in [EVEN 82]). The remainder of this report deals with the content and
structure that have been observed in CDEL adverb definitions.

3. CDEL Adverb Definitions

3.1 Adverb Types and Functions

Adverbs are very useful modifiers. Their function allows them to be typed according to the
following scheme:
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FUNCTION TYPE
(logical) transition
when time
where location
direction
why purpose
how manner
state
degree

Types are often easy to identify by examining the text of the adverb definition.

TRANSITION is for idiomatic expressions such as “on the other hand” which must be
identified as phrases, not parsed. Therefore, recognition of this type should be done
before further processing.

TIME is indicated by “from, at, after, before, between, during, in, throughout, t0.” Less
often, participles “coming” and “following” indicate TIME. When both “from” and “to”
are present, a time span is usually specified.

LOCATION is for adverbs indicating place. Defining formulas (i.e., a pattern present in the
definition) usually begin with “at, in, before, behind, beneath, between, on, outside, over,
throughout, to, within.” -

DIRECTION is used for adverbs that indicate movement from one position to another and have
such definitions as “from one side to the other” or “on or to the other side.” Definitions
tend to contain “from” or “to” and sometimes “towards, up, in.”

PURPOSE is for adverbs which tell for what purpose or reason something is done. The
definitions usually begin with “for” as in “for an express purpose” or “for one reason
Only.”

MANNER type definitions are usually prepositional phrases beginning with “as, by, in, like,
with, without” or participial phrases beginning with “using.” They describe the manner,
way, or fashion in which something exists or is done, and most often follow the pattern
“in 2 <ADJSTRG> manner.” Manner can be viewed as having two subcategories: STATE
and DEGREE.

STATE refers to staté”of being. It is the manner in which something exists. As with
MANNER, prepositional phrases beginning with “in” often define it. “On” is also
common, as in “on fire.” Present participles such as “burning” can be used. The “-ly
VED” combination, as in “emotionally aroused” or “brightly illuminated” is easy to
identify. Less common but still reliable are definitions beginning with “being” or “-ly
VING” such as “being behind a competitor” or “aimlessly drifting.”
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DEGREE describes the intensity with which something is done. It includes, especially, those
words defined as “intensifier” which modify adjectives that can be graded. Anexample is
the adjective “interested” which takes adverbs “very, slightly, somewhat, not, not very.”

Any adjective that refers to speed or force or steadiness or quality is a likely candidate to be
modified by an adverb of degree.

3.2 Grammar for Adverb Definitions in CDEL

CDEL definitions often have “usage” information which indicates how the adverb can be
used or in what context it can be used. There are special tokens, for example, “:” or “, esp.”, and
word patterns such as:

used (in 1 to)

as modifier

a less common (spelling of | word for)
a variant [spelling] of

that | as

an (archaic [ informal | obsolete) word for
an (emphatic | intensive) form of

an exclamation used to

another (term | word) for

dialect

short for

the (comparative | superlative) of

S
Sometimes there are several definitions that appear together; they are usually separated by *;” or “!”
as is shown in the following grammar rule:

ADVDEF -> [USAGE] [ONEDEF ['; ONEDEF | 'I' ONEDEF]*] [.1] [IJSAGE]

A preliminary version of a grammar has been developed as can be seen in Table 10,

Much clearer, however, is Table 11, which gives the defining formulas in chart form,
relating each defining formula to a type and indicating the complement type expected. With the aid
of Table 11, types following the above descriptions can be easily obtained.
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Analyzing definitions can be done by considering the structures (pattern of parts of speech)
present or by considering specific wording. Thus, when we see
ADV (; ADV)*
then each separate adverb definition is a synonym; when we see
ADV ADV
this indicates that both entries together form a synonym phrase (like “all around”™); when we see
ADV VED
this indicates that ADV is a synonym while the VED is a state; and when we see
ADV- VING
this indicates that ADV is a synonym while VING is a motion verb. Finally, when we have
a less common spelling of ADV
then we know we have an ADV that could substitute for the headword.

In some cases of Table 11 there are more than one possible type of definition. There are,
though, algorithms that can be used to decide, such as:

after:  if the NP cornplement contains “time” or “delay”
then type = time
else type = location

to: if the complement NP contains “extent” or “degree”
then type = degree
else type = direction or location

3.3 Problems

Further work is needed to actually program a parser for the adverb definitions. However,
there are some problems to resolve beforehand. A notational scheme for handling grades of
intensity (ex., +++ for “very accelerated”) must be developed and tied in with grades in the
definitions. Lexical handling of the “;” and “!" entries, and separation of the USAGE forms is
- needed. Most difficult, however, is the issue of handling the word “not” appearing in the middle of
a definition. Scopes must be determined accurately so that antonyms can be properly recognized or
other appropriate analysis invoked.
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4. Summary and Conclusions

A large and comprehensive lexicon would be of particular value to help with IR and NLP
research investigations. Due to the availability of machine readable dictionaries, it is now possible
to develop such a lexicon. With optical disk technology rapidly improving, it is clear that a large
lexicon could be easily distributed on inexpensive read-only or write once media. As a result of
progress.in NLP and IR, it is clear that dictionary entries can be at least partially analyzed, to
provide even more useful information for such tasks as query expansion.

In connection with the CODER Project, initial processing of the Collins dictionary has been
completed, and a Prolog fact base that is syntactically correct has been developed. Additional
cleaning will take place, and then the MU-Prolog external database routines will be used to index
these facts for fast partial match access according to a two-level superimposed coding scheme. At
that time the fact base will be usable to support testing of the CODER prototype now under
development.

More information is available in the CDEL than is readily accessible, however, since in the
Prolog fact base definitions and usage examples are but simple uninterpreted text strings. Because
Ahlswede, Amsler, Evens and others have already studied definitions of nouns, verbs, and
adjectives, it was decided that definitions of adverbs in CDEL should be analyzed (though there has
been work by Klick that is described in [EVEN 82]). A simple grammar for CDEL adverb
definitions has been specified, and related to th%;rarious types of adverbs that arg present.

In the future, a parser for adverb definitions could be prepared, and, ultimately, parsers for
the other parts of speech could be developed. Later, other dictionaries could be analyzed too. As
new sets of information become available they can in turn become the subject of further
experimental studies aimed at applying lexicology and computational linguistics to help develop
more effective information retrieval systems.
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LEXEME will”

HEADWIRD
["will), 1]
C_USAGE(['will", 1], 'See at shall.").

HEADWORD
BYHTACTIE UAIT o
['will”, 1, 1] [will®, 21
c_POS(['will", 1, 1 1,vb). C.MORPH(['wilt', 2], ‘willer', n).

\ WORD BEWBE

[.w'i]]-, ]' ], 1 ] e

c_DEF(['will', 1,1, 11, *(esp. with wu, ke, she, 11, lhey
or as a noun or subject) to make the future tense’).

c_COMPARE(['will', 1, 1,11, ['shall’, 1, 1, 1]).

WORD BERSE

o SYNTACTIC UHIT

_ [will”, 2, 1]

Cwill’, 1,1, 2] e_POS[wiTl", 2, 1 1, n).
c_DEF(['will’, 1, 1, 21, "to express resolution on the part

of the speaker').

cSAMP([will’, 1, 1,21, Twill buy that radio if it"s the
last thing | do*).

WORD BENSE
will”, 2, 1, 1] will’, 2, 1, 3]

c_DEF(['will*, 2, 1, 1], "the faculty of conscious cLATEGORY(['will’, 2, 1, 3], 'Law.").
and deliberate choice of action; volition®).
c-RELADJ(['will*, 2, 1, 1 ], ['voluntary' ]).

WORD BEKSE

BUB=-8ENBE
['will, 2, 1, 3, 1]
c-DEF(['will’, 2, 1,3, 1], 'a document go-
verning the disposition of a person”s ...*).

Fig. 4: Hierarchial Structure of the CDEL




c_ABBREV
¢_ALSQO _CALLED
c_CATEGORY
¢_COMPARE
¢_DEF
¢_DEF_NUM
c_HEADWORD
¢_MORPH
c_NLAST
c_PAST
¢_PLURAL
c_POS
¢_RELADJ
c_SAMP
c_SINGULAR
c_SYLL
¢_USAGE
¢_USAGE_NUM
c_VAR_SPELL
¢_VAR _SYLL

Abbreviation of headword.

Headword is also commonly called this.

Category (semantic label) of headword.

Compare to another headword and sense(s).

Definition of the headword.

Number of (up to) 80-character blocks of the definition.
Headword entry.

Morphological variant of headword (including part of speech).

Rest (e.g. first/middle name) of a proper noun headword.
Past form of headword.

Plural of headword (sometimes just the ending).

Part of speech.

Related adjective to headword.

Example of headword in context.

Singular form of headword (sometimes just the ending).
Syllabification of headword.

Usage notes providing guidance on usage of headword.
Number of (up to) 80-character blocks in the usage note.
Variant spelling(s) (if any).

Syllabification of variant spelling(s).

Table 1: Relations abstracted from the CDEL tapes.



c_ABBREV ([ word, homnum, defnum 1, relword).

c_ALSO_CALLED ([ word, homnum, defnum 1, relword).

¢_CATEGORY ([ word, homnum, defnum 1, relword).

c_COMPARE ([ word, homnum, defnum 1, [ relword, homnum, posnum D.
¢_DEF ([ word, homnum, defoum, subnum 1, relword, blocknum).
¢c_DEF_NUM ([ word, homnum, defnum, subnum 1, relword, totalblocks).
¢_HEADWORD ([ word, homnum D.

¢_MORPH ([ word, homnum ], relword).

¢_NLAST ([ word, homnum, defnum ], relword, pos).

¢_PAST ({ word, homnum, defnum ], relword).

¢_PLURAL ([ word, homnum 1, relword).

¢_POS ([ word, homnum ], pos).

¢_RELADIJ ([ word, homnum, defnum 1, [ relword, homnum ]).

c_SAMP ([ word, homnum, defnym, subnum 1, relword).

c_SINGULAR ([ word, homnum, defnum ], relword).

c_SYLL ([ word, homnum ], syllword).

¢ USAGE ([ word, homnum ], relword, blocknum).

¢_USAGE_NUM ([ word, homnum ], relword, totalblocks).
¢c_VAR_SPELL ([ word, homnum ], relword).

c_VAR_SYLL ([ word, homnum ], relword).

where:
word = 'lexeme’ (in single quotes)
homnum = sgeadword (integer)
relword = “word' or 'phrase’ (in single quotes)
posnum = syntactic level (integer)
pos = part of speech (atomic element, no quotes)
blocknum = number of current block (integer)
totalblocks =  total number of clocks to contain text (integer)
syllword © = ‘syllabified word' (syllables connected by (L)
defnum = sense level (integer)
subnum = sub-sense level (integer)

Table 2: Prolog Syntax of CDEL Relations.




CDEL W7
ITEM FREQ |FREQ/HD|% USAGE| FREQ FREQ/HD |% USAGE
Definitions 161693 | 1.98 36.8 140500 2.04 45.0
Parts Of Speech 96218 1.18 21.9 67809 0.99 21.7
Headwords 81561 1.00 18.6 68766 1.00 220
Morphological Variants § 27219 0.33 6.2 9957 0.14 32
Categories 26765 0.33 6.1 11990 0.17 3.8
Sample Usages 16779 | 0.21 3.8 - - -
Plurals 9366 0.11 2.1 6320 0.09 2.0
Comparisons 7301 0.09 1.7 4025 0.06 1.3
Alternative Names 4562 0.06 1.0 = 572 0.01 e
Variant Spellings 4540 0.06 1.0 2460 0.04 %
First Names . 2445 0.03 0.6 - - -
Abbreviations 525 0.01 0.1 - - —
Related Adjectives 141 * X - - -
Usage Notes 84 * X - - -
Singular Forms 43 * X - - -
Past Forms 7 * X - - -
TOTAL 4394941 539 100.0 312399 4.54 100.0

Table 3: Comparative Frequencies of Items in CDEL and W7




CATEGORY FREQ CATEGORY FREQ j
Informal 2457 Linguistics 93
Archaie 1531 History 30
Brit, 1162 Property law 90
U. s. 1056 Bible 86
Slang 796 Statistiecs 83
Rare 780 Meteorol. 78
Chiefly U.S. 757 Judaism 76
Law 717 Brit. dialect 75
Music 596 Commerce 70
Obsolete 350 Psychiatry 70
Nautical 547 Finence 67
Chiefly Brit. 488 New Testament 67
Physics 457 Chess 65
Matkhs, 411 Economics 63
Pathol. 408 Geom. 62
Anatomy 379 Formal 61
Austral. 369 Now rare 60
Biology 354 Bridge 5%
Chem, 348 Golf 58
Botany 345 Canadian 56
Greek myth. 296 Derogatory 56
Med. : ‘ 276 Surgery 56

Table 4: Frequencies of Categories used in CDEL




¢

CATEGORY FREQ CATEGORY FREQ
French 254 Angling 53
Grammar 226 Tennis 50
Brit. informal 221 Ecology 43
Printing 218 Genetics 48
Psychol. 214 Theatre 48
Military 199 Bsychoanal. 47
0ld Testament 186 Cards- 46
U.S. slang 186 Taboo slang 46
R.C. Church 182 Astrology 143
Poetic 177 Criminal law 43
Austral. informal 175 Films 43
U.5. informal 175 Hinduism 43
Zoology 175 Metallurgy 43
Brit. slang 172 Chiefly R.C. Church 42
Logic 172 Chiefly Scot. 42
Literary 164 German 42
Phonetics 161 Mining 41
Philesophy 160 Vet. science 40
dialect 159 Rhetoric 38
Trademark 154 Billjiards 37
Austral. slang 151 Norse myth. 37
Architecture 145 Archaeclogy 386
Electronics 144 Boxing 36

Table 4 (cont'd)




¢

CATEGORY FREQ CATEGORY FRER
Scot. 144 Chiefly Austral. 36
Christianity 143 Caribbean 35
Cricket 141 Baseball 34
Astronomy 131 English history 34
Physiol. 127 S. African 34
Latin 121 Soccer 34
Geology 120 Stock Exchange 34
Prosody 120 Not standard 33
Sport 120 Classical myth. 32
Computer technol. 107 Rugby 32
Photog. 103 Sociol. 32
Northern Brit, 101 Ecclesiast. 30
Heraldry g7 Embryol. 30
Theol. 95 Surveying 30
Biocchem, 94

Table 4 (cont'd)




CDEL W7
Homograph #{ FREQ FREQ/HD FREQ FREQ/HD
1 79222 0.97 60079 0.87
2 1928 0.02 6542 0.10
3 313 * 1427 0.02
4 81 * 475 0.01
5 15 * 164 *
6 2 * 54 *
7 - - 17 *
8 - — 5 *
9 - — 3 *
TOTAL 81561 1.00 68766 1.00

Table 5: Comparatiize Frequencies of Homograph
Numbers in CDEL and W7




Table 6: Part of Speech Entries for CDEL, W7, and WpD

CED - W? MWFD

PART OF SPEECH FREQ % USE FREQ % USE FREG % USE

noun _ 61820 |[64,2 42610 62.8 115166 58.8

j:lural_noun 1226 1.3 o= - - -

noun_total : 63046 [65.5 142610 62.8 15166 58.8

verb_transitive 7078 7.4 4976 7.3 3 X

verb 4303 (4.5 2425 3.6 5029 19.5

verb_intransitive 3247 3.4 1383 2.0 - -

verb_imperative - - 10 x - -

verbal_auxiliary - - &4 X - -

verb_impersonal - - 2 b 4 - -

verb_phrase - - - - 5 %

verb_total 14628 |15.2 8780 12.9  |5034 19.5

adjective 12661 {13.2 13433 19.8 4677 18,1

ad jective_postpos 291 0.3 - - - -

adjective_prenominal 82 0.1 - - - -

adjective_total 13034 13.5 13435 19. 8 4677 18.1

combining form 503 0.5 516 g.8 - -

noun_combining form 134 0.1 150 0.2 - -

adj_combining form 44 X - - - -

adv_combining form 1 X - - - -

verb_combining form 1 1 X 2 x - -
b
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Table 6 (cont'd)




L | ,CED f W7 ) MWPD J
IERT OF SPEECH JFREQ I % USEe 'FREQ I % USE ,FREQ [ % UsE ,
[Todifier Il 'x )- l- !- I- I
trademark }- I- flzl !o_z /- 1- __]
Iindefinate_article ‘- ,- 13 fx ‘- J- 1
E?ffinate_article !- }- !2 !x !2 !x _?

!96242 flO0.0 167809 /100 0 ’25790 IlO0.0 ﬁ]

tiferall total

= 00 occurrences,
X less thanp .05

Nota: Sum of Primary

Table 6 (cont'd)

and secondary parts of speech is used for W7 data.



I w |
IENSE ’ FREQ ’ FREQ-HD ’ %X USE I FREQ ! REQ-HD ( % USE
[i l 34780 { 1. 16 l 61. 9 ’ 82604 ] 1. 20 } 58.-8
IE ’ 25249 I 0.36 I 9.1 ! 33867 J 0.43 - ’ 24, 1
| /[ ’I 11841 /’ 0.15 ), 7.7 / 119..‘36 ; 0,17 ‘I 8.5
E ’ 3309 I 0. 04 ’ 2.2 ’ 2682 ! 0. 04 ! 1.9
I{E ” 2117 I’ 0.03 ’] L4 ’! 1559 !’ 0.02 )’ 1.1
IE | ’! 984 /’ 0.01 IJ 0.6 !’ 532 ” 0.01 t’ 0.4
- F J’ 553 I’ 0.01 !I 0.4 / 233 ! / a. 2.
IEZ . / 340 / * I’ 0.2 / 143 II ,‘ 0.1
N T R T P
i’js V J! 178 I’ * / 0.1 / 47 I’ IJ X 1
!;u '; II ,; {; 22 }; II | %
19 ! 77 ’ I 0.1 l 13 l ! bd ‘1
2 Jo ] BN ER

Table 7: Comparative Frequencies of
Sense Numbers in CDEL and W7



CED W7 |
SENSE . FREGQ FREQ/HD % USE FREQ FREQ/HD % USE
21 33 * X 9 * x
22 42 * x. 5 * x
23 : 35 * X 5 * X
24 31 * X A #* x
25 27 * b4 i * X
26 25 * X 1 * X
27 18 ¥* x - - -
28 15 . * x - - -
29 13 * X - - -
30 12 * b4 - - -
31 13 * x - - -
32 11 * X ' - 7 - -
33 9 * x - - -
34 9 * b4 - - -
35 7 * X - - -
36 7 * X - - -
37 7 i X - - -
38 : 6 * x - : - -
39 5 * b4 - - -
40 5 * b4 - - -

Table 7 (cont'd)




ess than 0. 05

49

ces
* less than 0. 005

Table 7 (cont'd)



fcsn. W7
SUB-SENSE % ,FREQ frnquﬁn [z USE FREQ FREQ/HD |% usg
1 f4945 0.06 rzn. 3 16659 0.24 42.2
2 ’4950 0. 06 47.4 16578 0. 26 42.0
3 fzno 0.01 4,5 £307 0.06 10.9
Ji Iss * 0.6 1214 0.02 3.1
E 118 % 0.2 409 0.01 1.0
E ]3 ]* Ix 153 * ’o.a
li ’- ’- ‘- 65 * Jo.z
8 J- ]- ‘~ ’30 * [o.i
: N N R R
z Y O S O S
z Y O O S
= » R S
= | ER
z N O P
z O Y O P

l ! | [ | |
Eotals }10444 /o. 13 100.0 ’39448 Io._w )100.0

= 00 occurrences
X less than .05
* less than . 005

Table 8: Comparative Fre

N

umbers in CDEL and W7

quencies of Sub-sense




Vowels

CDEL CDEL Prolog Fact File CDEL CDEL Prolog Fact File
i i € Se
I $I ® @@
u: ud: A A
a: $@$: e $A
ek @$% v $u
a @ e e
9 @ 9 #Gg
Consonants
CDEL CDEL Prolog Fact File CDEL CDEL Prolog Fact File
P P t t
k k I 1
d d g g
tJ t#s d 3 d#f
m m n n
1 &n T r
b b f f
v \ s s
z z i #s
3 # b b
J J
Stress
CDEL CDEL Prolog Fact File CDEL CDEL Prolog Fact File |

3

k]

Table 9: Pronunciation Code

s in Dictionary and Computer File




Conventions

Capitalizag abbreviations ara Oon-terminals.
Punctuation marks in single Quotes ars ferminal characters.,

The following abbreviations are used:

ADVDEF = whole definition ONEDEF = Segment of whole def-
] Irl

inition set off by ';' or
USAGE = usage information '

-2 CAPITAL_LETTER L

STR, appended +o any other P, appended to any other variablea
' variable, indicates a string indicates a phrase of that
Of terms of that variable variable type.
type. '
ADJ = adijective ADV = adverb
DET = determiner N = noun
P = preposition COMP = term used for comparison
V = verb primitive VINF = infinitive
VING = present participle - VED = past participle
LM = left-hand modifier string RM = right-handg modifier string ;
QUANT = quantifier SUBCONJ = subordinating conjunction :
CLAUSE = string with subject and/ :
Or verb :
* = 0 or more repetitions (} = optional term 1
| = "or", for alternate terms 7 = any string of characters ;
Grammar
ADVDEE --> (USAGE) (ONEDEF (', ONEDEF | '!' ONEDEF)*) ('.') (USAGE) g
USAGE —=> '(' (often) VED|foll'.'|VINGP pp ')- |
"7> "' {esp'.') PP) ONEDEF ' (- (esp'.’') Dpp ') ;

—-—> ' intensifier )
O
___> 1 t

Table 10: Grammar for CDEL Adverb Definitions




'

us
us
us
as
a
&
a
a

a

T 1
-

' foll'.! by NP /PREPSTR '}

' NP]ADJP{ADVP{VINFP]VEDP]VP ")
ed in NP

ed to V NP

ed with NP

modifier

less common spelling|word of]for ADV
variant (spelling) of aADV
euphemistic word for ADV#

euphemism for NP

Parenthetic filler used VINFP

that|as

'
r

an
an
an
an
an
an

an

di,
sh
th

th

1

esp'.' VINGP
archaic word for ADV

emphatic form of ADV

exclamation used to ONEDEF
informal word for APV

intensive form of ADV

obsolete word for ADV
Oother term|word | ' ")) for apv
VEDP)
alect

crt for NP

e comparative of ADV

& superlative of ADV

Table 10 (cont'd)

usually




-~> ADVP or PP
~~> ADJD (pP)=*
-—> NP

==> VINGP (SUBCONJ) (VINGP) *

-—> VINFP
-=> VP
-=> VEDP
PP -=> DPREPSTR
~—-> PREPSTR NP (PREPSTR} (',' NP {PREP))* ((',') or NP {PREP) )
(VEDP) |

——>. PREPSTR VINGP (or VINGP)
—=> PREPSTR ADVP {NP)

==> PREPSTR or COMP SUBCONJ
——=> PREPSTR LM PREPSTR NP
==> PREPSTR ADVP PREPSTR

~—> PREPSTR or VINGP

ARDJP --> {ADVSTR} * ADJSTR (PREPSTR)

==-> ADVSTR VEDP

Table 10 (cont'd)



ADVP  --=> ADVSTR (PREPSTR) (VEDP |ADJP | ADVSTR) (VINGP) (VINFD)

(cr ADVSTR (PP))* (pp)=* (NP)

VP ~=> VINGP VSTR
-=> VSTR (p>) (ADJP) (NP)

-=> or VSTR ESTR

VEDP =--> (ADVSTR) VEDSTR (ADVSTR or (PP) *) (ADVP) (pp) = (VINGP)
(ADVP) (NP)
VINGP ~-=> (ADVP) VING (ADVP) (NP) (VEDP)

77> VING ADJSTR VING|VINF (pp) (ADVP)
==> VING (VP) pp
==> VING NP PP ADVP

~=> VING SUBCONJ
VINFP -=> VINFSTR (ADVSTR) {ADJSTR) (NP) (VEDP) (PP} *

NP --> (CLAUSE

-=> (LM) NSTR (RM)

CLAUSE --> NSTR| SUBCONJ v (ADVSTR) (NP) {(VINFP) (that)
——=> SUBCCNJ ADJP
=—> SUBCONJ NP

-=> V N ADVP pp —

Table 10 (cont'd)




PREPSTR -~> PREP (PREP)
~=> PREP (PREP) or PRED (PREP)
~=> PREP (PREP) (',' prEp (PREP))* ', ' or pRED (PREP)

==> PREP and PREpP

ADJSTR --> ADJ
==> ADJ (', ADJ)* ', or apg
==> ADJ or ADJ

==> ADJ and ADJ

ADVSTR --> ADV (apv) * (C',7 ADV)* ', 'y (or apv ('," etc ('.")))
==> QUANT|ADJ COMP
~=> as ADJ|ADV as

-=> ADV and ADV

VEDSTR --> VED (or|but (ADV) VED)

==> VED (', VED)* ', or VED

NSTR --> y ((",' Ny= ", etc {.})

Table 10 (cont'd)




VESTR  ==> v (1,1 Vi* ((",") or V)

VINF ==> +o v

QUANT -=> alllevery]such[any{what[many]much

SUBCONJ =-> iflwhile]which[when]that

DET --> alan]|the|what

COMP --> than|as|so

ADV =-=> not{manyfmuch[more]most[so]aslwhen land all -1y words ang others
defined as adverps}

ADJ --> morefmost]time]manyfmuch[ fand all words defined as adjectives}

VED --> withdrawn}dealt{cut[ {all past participles of verbs}

PREP --> aboard|atjef|to|by| etc.

¥ —-=> best]time!distance]degree] etc.

Vo ==> bakelbelcome[runlsaylhave{is] etc.

VED --> covered]directedlplaced[used] etc.

VING --> being[coming]indicating[sailing]usingl etc.

CAPITAL_LETTER -=> A..Z

Table 10 (cont'd)




POssikle type complement tvpe

O

efining formula

g

It

aboard location null[NP = location
across dirsction NP |null
aftar _ time/location | NP = time or location
along location NP = location
as alan _ ‘manner NP = a similar thing
as if manner VED = manner
.as well transiticn null
&s ADVP as degree/manner ADJ|NP|VP|ADVD
= degree or limi=
_ ADVP = manner
at lecation/time/ NP |ADVP|N? than VED
manner/stata
transition/
direction/
dagree
before time/location | NP = time boundary :
benind location/state| NP = location or ref. ]
: : Lo state ("time") )
beneath location NP = location ?
betwean time/location | NP = range of time i
_ . Or distancs i
by manner or NP | VING? | or pp |
degree = means or degreas §
by and large : transiticn null - I
by cor before | time NP |
by or up to degrea NP ;
during time (or PREP) NP = span §
except for ' state(?) null §
for Purpose/state/| NP|ADV (NP = context,
time ADV = gstats)
for, to, or frem degree (allot-| NP = source or recipi-
ment) ent
from time or NP
direction(ab)
from NP |ADJP to NP direction/time NP (',"ADVP) = locatien
Or time span
in location/ NP (PP)* | NP of
State/time/
manner
in any case transition nulil
Table 11:; Defining Formulas in CDEL
Adverb Definitions

Note: Abbreviations here follow conventions of Table 10
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H
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b
Y
H
QJ
t

this direction
in or into
in or toftowards

in a[an{bhe ADJP

manner,way{Lashlon

in the manner of NP
in, to, towards, or
or from

O

[ =

Fh pe by
At
(1]

course
Or concerning
or for

0 0

Fh Fh

@]

on

°n or by

Cnl or outside

on or to

on the other hangd

out of
outside
over

throughout
50 as

to

to all appearances

to all pract tical
Purposes

Lo or infinto

0 or towards
towards
towards or ontolon

up

with reference to
with Lespect +o
With regard +o
with

tiv‘nc

mnannexr

manner
direc+ion

tate/dirsction
mannexr
transgi+«i

usage

locaticon

state/manner/
lccation
m&nner
location
location
transition

state or
location
location

time/location
manner

direction/
locationy/
degree/stata

transition

transition

state/degreae
location /
time/ manner
direc+ion
direc+ion

direction

Manner/usage
manner/usage
manner/usage
manner/stata

=
yv)
li

L;:
v]
]

rt

f-l

3

{D

u
i

u

n])

NE

null

N2 = location

null {(headwecrd =

éirsction)

N7 (adj's = S¥Ns)

NP = locaticon o
degreae

null

NP

means
NP = location
NP = locatiop

NP [VING|PP
NP = not location

NP Spreacd of area

NP = time span or .area

VINFP

(ADV) NP

null
null

NP = location

oL degres
NP = location goal
NP = location goal
NP = location goal

NP|PP|ADVP (NP = loc-
ation; PP|ADVP=time)

H

NP Context

NP = contax=

NP = contaxt

NP (VED) (PREP)
(w/o NP = aNT)

Table 11 (cont'd)




within | location | NP = location
without [ manner/state NP (w NP = anv
VED I
" Covered state PP
directed State BD
Flaced or kept locaticn ADV | pp (pp)=
used usace info. INF NP (NP = SYN)
used in Usage info. NP to indicate NP
(last NP = meaning)
VING _ : .
being state NP | ADJ , vINgD
ceming time ADV = tine
continuing direction PP
floating state PP | null
following time/degres NP
having manner NP | VED or (PD) *
indicating , : state / NP
direction
making manner NP
occurring time/location (PP} *
remaining location PP (location = same
as before)
using manner NP = means
ADJ
" active and pProminent state PP|NP
free state PP (state = w/o NP)
separate location PP
tecgether . State PP
ADV ‘
" any degree/time ADV[PP = range
away location/direc pp
every time ND
more than State/degree ADV
near inp state/degree NP = measurement
not hegation MOSt anything
*ly state VED or ADJ
VINF _
to be state/manner VEDP |[NP | ADJP | PP
(VED = SY¥YN, last
ADV = degree)
NP
" all in ali transition null

Table 11 (cont'd)
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